The study of interactions between DNA and PcrA DNA helicase by using targeted molecular dynamic simulations.
DNA helicases are important enzymes involved in all aspects of nucleic acid metabolism, ranging from DNA replication and repair to recombination, rescue of stalled replication and translation. DNA helicases are molecular motors. Through conformational changes caused by ATP hydrolysis and binding, they move along the template double helix, break the hydrogen bonds between the two strands and separate the template chains, so that the genetic information can be accessed. In this paper, targeted molecular dynamic simulations were performed to study the important interactions between DNA and PcrA DNA helicase, which can not be observed from the crystal structures. The key residues on PcrA DNA helicase that have strong interactions with both double stranded DNA (ds-DNA) and single stranded DNA (ss-DNA) have been identified, and it was found that such interactions mostly exist between the protein and DNA backbone, which indicates that the translocation of PcrA is independent of the DNA sequence. The simulations indicate that the ds-DNA is separated upon ATP rebinding, rather than ATP hydrolysis, which suggests that the two strokes in the mechanism have two different major roles. Firstly, in the power stroke (ATP hydrolysis), most of the translocations of the bases from one pocket to the next occur. In the relaxation stroke (ATP binding), most of the 'work' is being done to 'melt' the DNA at the separation fork. Therefore, we propose a mechanism whereby the translocation of the ss-DNA is powered by ATP hydrolysis and the separation of the ds-DNA is powered by ATP binding.